The study was conducted to determine the effect of the probiotics, Saccharomyces spp.Kb-5 and Saccharomyces spp.Kb-8, on growth performance, carcass characteristics, serum and meat cholesterol levels in ducks. Two hundred and forty 1-day-old healthy male ducks were randomly allocated to four treatment groups: A) basal diet (control), B) basal diet + 0.20% Saccharomyces spp.Kb-5, C) basal diet + 0.20% Saccharomyces spp.Kb-8, and D) basal diet + 0.10% Saccharomyces spp.Kb-5 + 0.10% Saccharomyces spp.Kb-8. Growth performance, carcass characteristics, and serum and meat cholesterol levels were determined when the ducks were 56 days old. Saccharomyces spp.Kb-5 and Saccharomyces spp.Kb-8, and the incombination, increased bodyweight gains, feed efficiencies and carcass weight significantly, but not affect the amount of feed consumed. The administration of Saccharomyces spp. results in significant lower serum and meat cholesterol concentrations compared to the control. It was concluded that the addition of Saccharomyces spp.Kb-5 and Saccharomyces spp.Kb-8, and the incombination, in the diet increased growth performances, feed efficiency and carcass weight, and decreased serum and meat cholesterol concentrations in male ducklings. ______________________________________________________________________________________
Introduction
The manipulation of the gut function and microbial habitat of domestic animals with feed additives has been recognized as an important tool for improving growth performance and feed efficiency. Antibiotics have been used widely as feed additives for broiler chickens, owing to their ability to manipulate the intestinal microbial population, to improve feed conversion ratio (FCR) and to promote growth. However, there is growing concern about possible antibiotic residue effects and the development of drug-resistant bacteria, owing to the continuous feeding of antibiotics to livestock at sub-therapeutic levels (Chen et al., 2017) .
Feed additives such as live probiotics can balance microorganism populations in the digestive tract, improve feed efficiency by >15% and provide economic benefits for farmers that raise starter ducks (Zurmiati et al., 2017) . According to Chen et al. (2017) , two possible mechanisms for the beneficial effects of probiotic bacteria on gastrointestinal disturbances are: i) the production of antimicrobial compounds such as lactic acid and bacteriocins and ii) their adherence to the mucosa and co-aggregation to form a barrier that prevents colonization of pathogens. Supplementation of probiotics (Bacillus species and Saccharomyces boulardii) at 150 g/ton to replace antibiotics in broiler feed as a growth promoter, was found to enhance immune system responses and induce beneficial modulations in caecal microflora in broiler chickens (Manafi et al., 2018) .
Previous studies have indicated that probiotics enhanced the immune system, increased body weight gain (BWG), improved feed efficiency (Bidura et al., 2012; Bidura et al., 2016; Hasan et al., 2016) , improved the nutrient quality of feed (Bidura et al., 2014; Bidura et al., 2015; Bidura & Siti, 2017) , decreased abdominal fat, and reduced serum (Puspani et al., 2016; Bidura et al., 2016; Ristiani et al., 2017) and egg cholesterol concentrations in ducks and broilers . Probiotics also have beneficial effects on the growth performance, blood parameters and IgG stimulation in weaned piglets (Dlamini et al., 2017) .
The addition of probiotics to the drinking water of Pitalah ducks significantly decreased feed consumption, feed conversion and small intestinal acidity, and increased income over feed cost and total small intestinal Bacillus spp. colony counts (Zurmiati et al., 2017) . Digestibility coefficients of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fibre and gross energy were higher in probiotics groups than in a control group (Phuoc & Jamikorn, 2017) .
Previous research isolated yeast Saccharomyces spp. from buffalo rumen. It has enzyme activity (CMC-ase) and passed the test as a probiotic agent, that is, it passed the temperature, pH, acid and bile salt tests, and is capable of deconjugating bile acids. It also has the ability to degrade crude fibre in feed (Bidura & Siti, 2017) . Saccharomyces spp.Kb-05 and Saccharomyces spp.Kb-08 can increase CP and metabolizable energy of rice bran (Bidura & Siti, 2017) .
Multi-species probiotic preparations are thought to be more effective than single-strain probiotics. Probiotic yeasts such as Saccharomyces have been shown to stimulate the immune system of chicks without decreasing growth performance (Bai et al., 2013) . Microbes can be selected as candidate probiotics and isolated from buffalo rumen liquid, so that when tested on ducks, they could grow and thrive in the intestine. Therefore, this experiment aimed to evaluate probiotics, Saccharomyces spp.Kb-5, Saccharomyces spp.Kb-8 and their combination, on growth performance, carcass weight, and serum and meat cholesterol concentrations in ducks.
Material and Methods
Two hundred and forty 1-day-old healthy male Bali ducks (Anas sp.) were used in a completely randomized experimental design. All diets were isonitrogenous and isoenergetic and were formulated to meet the nutrient requirements for poultry (NRC, 1994) for the eight weeks of the experiment. The ingredients and chemical compositions of the feed are presented in Table 1 . Scott et al. (l982) All birds were given a commercial feed for ducks, which contained 2900 kcal/kg of metabolizable energy (ME), 18% CP, 1.15% calcium (Ca) and 0.68% available phosphorus. The ducks were randomly 221 allocated to four treatment groups: A) basal diet (control), B) basal diet + 0.20% Saccharomyces spp.Kb-5, C) basal diet + 0.20% Saccharomyces spp.Kb-8, and D) basal diet + 0.10% Saccharomyces spp.Kb-5 + 0.10% Saccharomyces spp.Kb-8. Each treatment consisted of six replicate pens with 10 birds per pen at 150×50×45 cm (length×width×height). The diet was in mash form and the birds had free access to feed and water throughout the experiment.
The probiotic was prepared in the Laboratory of Nutrition and Technology at Faculty of Animal Science, University of Udayana. Each 1 g of culture contains at least 10 7 CFU of Saccharomyces spp. Continuous lighting was provided throughout the experiment. Body weight, weight gain, feed intake and FCR for birds were recorded separately from week 1 until week 8. Feed consumption (gram per bird) was recorded weekly at each replication by weighing the remaining diet. The total feed intake for each replicate was measured during the experiment. FCR was calculated as gram of feed consumed per gram BWG.
At the end of the experiment, the birds were weighed and feed consumption was recorded to calculate average daily gain (ADG), average daily feed intake based on dry matter (DM) and FCR (feed DM intake/weight gain). The birds were deprived of feed for 12 hours (water was provided) before weighing to ensure that the digestive tracts of the birds were emptied. Mortality was recorded daily as it occurred. Any bird that died, was removed, and weighed to adjust the FCR.
At the end of the study (8 weeks), the ducks were slaughtered. Two birds per unit in the experiment that were close to the average live body weight (BW) were selected. After weighing, legs were banded for identification. About 4 mL blood per bird was taken from the wing vein with a sterile syringe. These blood samples were kept in sterile 5 mL centrifugal tubes. Blood samples were maintained at room temperature for 1 -2 hours before being centrifuged for 10 min at approximately 3000 g. After blood collection, the same birds were weighed individually to measure the slaughter weight. All birds were processed by trained personnel of the plant in a commercial abattoir.
Birds were weighed to the nearest gram, subjected to 24 hour-feed withdrawal with free access to water, reweighed, and slaughtered by neck cutting. They were bled immediately through cutting the carotid arteries and partially slicing the neck with a manual neck cutter. After five minutes of bleeding, each bird was scalded, defeathered and eviscerated after the head and legs were removed. The carcass without giblets was weighed, and expressed as a percentage of live weight, which was regarded as carcass yield (Zurmiati et al., 2017) . After being stored in a cold chamber at 4 °C overnight, the birds were weighed separately to estimate dressing weight. The dressed percentage was calculated by dividing the dressing weight by the slaughter weight. The half-eviscerated weight was evaluated as the weight of carcass without trachea, oesophagus, pseudo-crop, guts, spleen, pancreas, gall bladder, reproduction organs and the chime and gizzard . The eviscerated weight was quantified when the weights of heart, liver, proventriculus, gizzard, lungs and abdominal fat were subtracted from the half-eviscerated weight. The head, neck, wings and feet were cut from the atlanto-occipital articulations, scapula, articulatio humeri and ankle joint, respectively. The pectoral and leg muscles were stripped to exclude the skin, subcutaneous fat, bones and tendons. The percentage of breast meat was a sum of the breast meat divided by carcass weight and expressed as g/100 g of carcass weight. Furthermore, meat cholesterol was evaluated from samples of breast meat. These samples were blended until smooth and homogeneous, and kept for cholesterol analysis. The blood samples were allowed to clot in a sample bottle and the serum was used to determine total serum cholesterol concentration. Analysis of the cholesterol level was according to the LiebermanBurchard method (Lieberman & Burchard, 1980 ) using a commercial kit (Ezema & Eze, 2015) .
To determine the digestibility of DM and OM of each experimental diet, 100 g of a diet was used. The birds were deprived of feed for 24 hours to ensure that their alimentary tracts were empty of feed residue. They were then force-fed with the specific amounts of diets (all treatments). A stainless steel funnel with a 40-cm stem was used to force-feed (Mustafa et al., 2004) . Water was available ad libitum during the experiment. Total excreta were collected in plastic trays. The excreta samples were frozen, then allowed to come to equilibrium with atmospheric moisture, and then weighed and ground through a 1-mm sieve. Samples of excreta and diets were subjected to appropriate analyses to determine DM and OM. Dry matter, OM and ash determinations were done according to the Association of Official Analytical Chemists (AOAC, 2005) . All assays were conducted in triplicate.
All data were analysed using ANOVA to determine the differences among treatments. If differences were found, then further analysis was performed with Duncan's multiple range test.
Results
Body weight gain, feed consumption, FCR, DM and OM digestibility in the groups that were fed the experimental diets are shown in Table 2 . The treated ducks exhibited higher growth rates and feed/gain than the control birds in terms of final BW and BWG. No significant differences in the feed consumption and feed digestibility were observed among the dietary groups.
Body weight gain in ducks fed the diets containing 0.20% Saccharomyces spp.Kb-5, Saccharomyces spp.Kb-8 or the incombination were significantly higher (P <0.05) compared with the control. There were no significant differences in feed consumption during the experiment. Feed/gain in the groups fed the probiotics was superior to that of the control. No significant differences were observed in carcass percentages (carcass weight/body weight x 100%) ( Table 2 ). The treated ducks had higher (P <0.05) carcass weights and breast meat (g/100 g carcass weight) than the control birds. 
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The results showed that additional khamir Saccharomyces spp. (Groups B, C and D) in diets resulted in a significant (P <0.05) decrease in concentration of cholesterol in the serum and meat of the birds (Table  3) . The lowest mean serum cholesterol concentration was found in Group D (140.1 mg/dL) which was 11.4% lower than the control. In Group B the serum cholesterol level was 142.9 mg/dL or 9.6% lower than in Group A, and in Group C 145.9 mg/dL (7.66% lower than in Group A). Group A (control) recorded a serum cholesterol level of 158.0 mg/dL. The serum cholesterol concentrations of Groups B, C and D did not differ significantly. The cholesterol concentrations of the meat from Groups B, C and D were significantly (P <0.05) lower than in Group A (Table 3) .
Discussion
Saccharomyces spp. as a potential probiotic in duck feed influenced BWG, but did not affect feed consumption. The results confirm that the probiotic increased BWG and FCR (feed/gain). Ramasamy et al. (2010) reported that supplementation of probiotic cultures did not influence feed intake. The results of BWG analysis indicated that probiotics, Saccharomyces spp.Kb-5 and Saccharomyces spp.Kb-8 and their combinations, showed better growth performance than the control group during the experiment, and improved FCR. The improved FCR in the groups that were fed probiotics, as compared with the control group, was the result of the higher weight gains, since all treatments had similar feed intakes. Husain et al. (2017) reported that the effect of probiotic that was isolated from the domestic chicken provided increased BWG and meat quality, FCR and growth performance. The beneficial effects of supplementing probiotic were manifested mainly in live BW and growth rate traits. Inclusion of the probiotic in the poultry diet improved broiler performance (Sikandar et al., 2017; Manafi et al., 2018) . Chen et al. (2009) reported that, currently, Bacillus, Lactobacillus and Saccharomyces are the major strains that are utilized in poultry. However, in other studies, dietary probiotics had no significant effect on live BW, BWG or FCR (Aliakbarpour et al., 2012; Fathi et al., 2017; Zurmiati et al., 2017) . These authors reported that production parameters were not affected by dietary probiotic or yeast supplementation. These inconsistent results of probiotic supplementation may be because of differences in number of suitable living bacteria, animal age and supplementation strains (Chen et al., 2017) .
Inclusion of Saccharomyces spp. as a potential probiotic in duck feed significantly affected FCR and feed digestibility (DM and OM digestibility) compared with control birds. Zurmiati et al. (2017) and Hasan et al. (2016) reported that supplementation of Lactobacillus acidophilus alone or in combination with B. subtilis at a half dose could enhance the numbers of gut beneficial bacteria populations, nutrient digestibility, caecal fermentation, FCR and growth performance in chickens, but in rabbits receiving B. subtilis alone, performed no different from the controls without probiotic (Phuoc & Jamikorn, 2017) , while pigs receiving probiotics had higher final BWs and increased BWG (Tufarelli et al., 2017) .
Inclusion of probiotic in the diets significantly increased goblet cell number and villus length (Aliakbarpour et al., 2012) . Azzam et al. (2011) reported that various factors, such as colonization of microbes in the gut, affect the production, secretion and composition of mucin. Mucin is the main product of mucose epithelial cell of the avian gastro intestinal tract (Iwashita et al., 2003) and consists of a peptide backbone containing alternating glycosylated and non-glycosylated domains (Uni et al., 2003) . Therefore, this is the first line of host intestinal defence, and could influence nutrient digestion and absorption. The higher synthesis of the mucin gene after probiotic administration may affect bacterial interactions positively in the digestive tract and intestinal mucosal cell proliferation, and consequently improved nutrient absorption (Aliakbarpour et al., 2012) . Similar results were obtained when fermented feed with a probiotic in a dry form was used in the diet of Akar Putra chicken (Lokman et al., 2015) .
In the present study, the treated ducks in Groups B, C and D had significantly higher carcass weights and breast meat (g/100 g carcass weight) than Group A. Khaksefidi & Rahimi (2005) reported that the leg and breast meat of probiotic-fed chickens were higher in moisture, protein and ash, and lower in fat percentage compared with the leg and breast meat of the control. Serum and meat cholesterol levels were significantly lower in ducks fed with diets containing khamir Saccharomyces spp. According to Alkhalf et al. (2010) , it is suggested that a probiotic (Lactobacillus) reduces the cholesterol in the blood by deconjugating bile salts in the intestine, thereby preventing them from acting as precursors in cholesterol synthesis. The Saccharomyces spp. was found to have high bile salt hydrolytic activity (Bidura & Siti, 2017 ). In the current study the reduction in circulating cholesterol when yeast (Saccharomyces cerevisiae) was supplemented, was remarkable and agrees with the results of other researchers. Kusumawati et al. (2003) reported that probiotics have the ability to lower serum cholesterol levels. Ezema & Eze (2015) reported that probiotic inclusion of 1.0 g/kg of feed was recommended for effective reduction in serum and egg cholesterol levels. Tang et al. (2016) recorded that feeding laying hens with probiotics significantly decreased egg yolk cholesterol, and total saturated fatty acids compared with the control. De Smet et al. (1998) reported that probiotics could contribute to the regulation of serum cholesterol concentration by deconjugating bile acids. Since the excretion of deconjugated bile acid is enhanced and cholesterol is its precursor, more molecules are spent on recovery of bile acids. In contrast, An et al. (2008) and Kalavathy et al. (2003) reported no significant differences in the breast muscle, and in the activities of serum enzymes and concentrations of various cholesterol fractions. The inconsistent results of probiotic supplementation may be owing to differences in numbers of suitable living bacteria, animal age and supplementation strains (Chen et al., 2017) . It is possible that probiotic efficacy may depend on factors such as microbial species composition (single or multi-strain mixture) and viability, supplementation level, application method, frequency of application, overall diet, bird age, overall farm hygiene and environmental stress factors (Zhang & Kim, 2014) . No clear mechanisms have been reported to be responsible for the reduction of lipid synthesis by prebiotics and probiotics. It might in part be owing to an increase in beneficial bacteria, such as Lactobacillus, which decrease the activity of acetyl-CoA carboxylase, which is the rate-limiting enzyme in fatty acid synthesis (Zurmiati et al., 2017) .
Conclusion
It is concluded that supplementation of the probiotics, Saccharomyces spp.Kb-5, Saccharomyces spp.Kb-8 and the combination, to diets, increased growth performance, feed efficiency and carcass weight, and decreased serum and meat cholesterol concentrations in ducks.
